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ABSTRACT

An experimental investigation was conducted to examine

fuel regression rate control methods other than wvariable

bypass air flow rates in the solid fuel ramjec. Air and

oxygen injection at various axial locations within the fuel

grain were examined as well as air, oxygen and ethylene

injection through the step face. One inlet swirl design was

also tested. injection was found to be

inadequate for regression rate control.

Secondary gas

A small amount of
inlet swirl resulted in a significant increase in fuel
regression rate, indicating that variable inlet swirl may be
a viable technique for providing in-flight fuel

modulation in the solid fuel ramjet.
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I. INTRODUCTION

Ramjets operate with much higher specific impulse than
rockets since ramjets use inlet air as a source of oxygen.
Self-sufficient rockets, on the other hand, must carry their
own cxXudizer and bear the consequent penalty. Accordingly,
although rockets must be chosen for propulsion outside of
the atmcsphere, and solid propellent rockets are
unchallenged for short- range tactical applications, ramjets
can generally outperform rockets in the medium and 1long
range tactical environments.

Because the ramjet depends only on its forward motion at

supersonic speeds to effectively compress intake air, the
engine, in principle, <can employ very few, 1if any, moving
parts. It is therefore capable of simplicity, lightness of

construction, and high flight speed not possible in other
air-breathing engines. These features, plus the high thermal
efficiency it can achieve, make the ramjet a particulary
att:ractive <choice for propelling vehicles at supersonic
speeds.

One of the significant difference between rockets and
ramjets is thrust at zero speed. Rockets can deliver thrust
at any speed, whereas a ramjet requires an auxilary boost
system to accelerate it to its supersonic operating regime
so that its forward motion can compress the inlet air. To
operate at practical efficiency a ramjet must be moving at
about a Mach number of 1.5 or greater so that the margin of
thrust over drag will be satisfactory.

The solid fuel ramjet(SFRJ) employs solid fuel for the
combustor walls. Its distinguishing feature is the absence
of fuel tankage, fuel delivery, and fuel control systems.
The solid fuel ramjet offers this simplicity while providing

excellent density impulse and combustion efficiency.

10
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flow was passed through a central swirl element which
extended 0.5 inches into the combustor. The swirl was
induced by machining six flutes with a twist of one turn in
five inches. The latter resulted in an inlet swirl angle of
approximately 5 degrees to the motor centerline.

During the normal ignition sequence, the air flow rate
was set at the desired value befbre the ignition switch was
activated. When the ignition circuit was activated, echylene
gas was introduced upstream of the fuel grain along with
primary air flow. This mixture was 1ignited with an
oxygen-ethvlene torch which issued from the face of the step
inlet. Normally, two to three seconds of ignition time was
required for PMM combustion to sustain.

The step insert section was provisioned for variations
in inlet diameters to make the sudden expansion. The fuel
grain itself, when mounted in the motor, became the mid-body
of the ramjet. The fuel grain (and injection ring, if used)

mounted between the head-end assembly and the aft mixing

chamber. The aft-mixing chamber had a length-to-diameter
ratio of 2.9. The entire motor was held together by four
threaded rods and nuts. The ramjet motor was then mounted

on the thrust stand. -

B. AIR SUPPLY SYSTEM

A schematic of the ramjet air supply system 1is shown in
figure 3.2. From the air tanks, the air flows through a
pressure regulator, a sonic choke, a vitiated air heater and
finally to the head-end assembly. The air flow can be
either vented into the atmosphere or vented through the
ramjet motor by the control of two pneumatically operated
valves. Two flexible air flow lines were used to connect
the main air line to the air heater. The latter was mounted

on the thrust stand.

25
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III. DESCRIPTION OF APPARATUS

A. RAMJET MOTOR

The ramjet motor assembly used in t'is experiments was
that used previously at NPS [Ref. 1, 2].

Figure 3.1 shows a schematic drawing of the ramjet,

illustrating the main sections. These are, the head-end
assembly, step insert section, fuel grain, aft mixing
chamber and exhaust nozzle. For the tests with secondary

injection, the injection ring was used.

The head-end assemly contains a central opening for the
introduction of the primary air-flow, and ports for
introduction of the ignition fuel and the igniter torch.

The fuel wall injection is shown in Figure 2.1, Figure
2.2 and Figure 2.3. Injection velocity varied between
approximately 30 and 200 ft/sec as the injection mass flow
rate was increased from 1% to 5 7% of the inlet air flow. A
nominal one dimensional flow port velocity was approximately
300 ft/sec.

For the face injection tests, air, oxygen or gaseous
fuel was introduced wusing a differently designed step
insert(Figure 2.4 and Figure 2.5). The 1injection was
provided through eight equally spaced, U.047 diameter holes.
For an injection gas mass flow rate equal to 1 % of the
inlet air flow rate the injection velocity was approximately
65 ft/sec.

To provide a swirl at the air inlet, a specially
designed insert was used(Figure 2.6). This device was a
tube-in-hole type injector. Approximately 43 % of the air
flow passed through the outer annulus to maintain the

recirculation region/flame holder. The other 57 % of the air

24
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where Pe exit pressure of the nozzle
Ps = ambient pressure. Then for

converging nozzle, this equation can be simplified t

A 5 e
- 2 Y a = . 2 ¢ _ .
Fexf ({-H)('(-H) (1+|) P

where R and Y are determined using PEP

Then efficiency based on thrust is calculated fr

2

2
- C*exp - C Q*
ZLTF_ £2

* 2
Cen” — Ca

f
where Cexp
x

F g,/ (Mg Cpexp)

Ca = F /(ﬁf‘ CF) (determine
ignition)

F = average thrust from
record )

gr; = pre-ignition flow rate

23

a choked

e}

(2.13)

CODE

om

(2.14)

d before

analog




T T TR v e e e e

Cair Mair
Dth,,# (2.8)
h'}r Pea % %

I Then temperature-rise comustion efficiency based on

nozzle stagnation pressure can be calculated using

! x 2 _ C*-Z
Torpm — ’ (2.9)
ATF C'_ 2 *2 .
th T Qa
where C4 = characteritic exhaust velocity for air
l flow before ignition
ngp = experimental characteristic exhaust

velocity based on Pc, the average combustion pressure

C?ﬁ is obtained from equation(2.7) using [ ,
R and Tt from PEPCODE with inputs of Pc, Ta, mg, mg, Mg, and
ﬁCxHq' The latter two flow rates are used in the vitiated

air heater.

The thrust equation is

F = Mt Ue + (Pe - Po) Ae (2.10)

where ht=hw; ﬁf+ Mg+ ﬁ&H4

A thrust coefficient, CF’ can be defined such that

F = Cp Pt Ath (2.11)
) Ll Y4y 4
. (=X 2 37 (Lo YL (PecRey fe
CFeg (o) () {1 (= } (g, @
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based on thrust. The one dimensional continuity equation

(m= y A V) can be expressed in terms of the chamber

stagnation properties for a choked converging nozzle

1t
. Pe Athett a1
Iy 2.5
‘/RTt
where ﬁt = total flow rate
Pt = Pc, chamber pressure(for low Mach
number)

Athg4§ effective nozzle throat area

R = gas constant
The characteristic exhaust velocity, c®* is defined as
* _ PC A'H‘\ ﬂc - F ac‘
C = : = - (2.6)
mi CF ™mi
where Cg = thrust coefficient
For a sonically choked exhaust nozzle,
]
% 3=l
= fde (XY gt (2.7)

Using pre-test air flow through the motor, equations
(2.6)and (2.7) can be wused to determine the effective
exhaust nozzle throat diameter(Dtheff)

21

Lt .
AN M T
P VR A W W P T YR v VA Wy

W T T N T LT e L L e
PR W eT. B N \.‘_\\\--\.:_-.:‘
aSadates s




Aot linth Bt Pt et aaie -

v

.,
.
-~

e Tm e e .
N T te T e T

w5
.« 4

bR S A A

Rt % SEAPE

o

v

KRR

- ,
» " <N

-
=

LT,

W TTE LT YT TP Yy T RT R Y
P S e Bemt B Wt et dr S h: Jiad St dadl Thdt Jea ittt aid eni-aadh st agei il Jaed ARt shah Sl Sen ke dini " it SRR AR S A S il el RGN IU S ].j

— _ 4 aw -2
Df -J—7Eirt—" + Di | (2.2)
where AW = weight change

length of the fuel grain
density of the fuel grain

average intial port diameter of the

'U'k-o [l
B
"

PMM grain

The average fuel regression rate was then computed using

: Df - D
r = (2.3)
it 2 tb

The mixture ratio, chamber pressure and motor air inlet

temperature were used as input into the Naval Weapons
Center (NWC) China Lake, Ca., Propellant Evaluation
Program(PEPCODE) computer program to obtain the theoretical
adiabatic combustion temperature and the combustion gas
properties('{and R). This temperature was used to calculate
temperature rise combustion efficiencies based on thrust and

based on nozzle stagnation pressure, where

. Tt — 1a -
,71'_ Ttth - Ta (2.4
and T*exp = combustor stagnation temperature
Ttth = theoretical combustor temperature
Ta = inlet air temperature

Experimental values of combustor stagnation temperatures

were calculated in two ways, one based on pressure and one

20
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Figure 2.6 Swirl Element Inlet Injector.

Temperatures were only recorded digitally. Average
values of the thrust and chamber pressure were determined
using a compensating polar planimeter on the analog record.

The mass flow rate of air was obtained by wusing
sonically choked nozzles. Average fuel mass flow rate was

calculated by using the weight loss during the burn time

Mg = —2W (2.1)
b
where aw = weight change during the run
Lf . tb= burn time
j‘ The average internal diameter of the fuel grain was
:f measured prior to the run. The final average diameter was

- determined based on weight loss and fuel length by using

b |
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Figure 2.3 Injection Ring for Side Wall Injection.
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Figure 2.4 Step Insert For Gaseous Face Injection.
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conditions found to significantly affect chamber pressure(or
thrust) were further evaluated using full-length burn times
of approximately 30 seconds (in order to accurately

determine regression rate and combustion efficiency).

B. DATA COLLLECTION METHOD

The data collected during the regression rate control
tests consisted of air flow rates, oxygen, air or fuel flow
rates for the injection, motor head-end and chamber
pressures, weight changes of the fuel grain, pre-ignition
air flow time, ignition time, burning time, purge time,
thrust and 1ignition gas flow rate. All pressures and the

thrust were recorded both digitally and analog.

Figure 2.1 Fuel Configurations for Side Wall Injection.
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II. METHOD OF INVESTIGATION

A. TEST CONDITITIONS AND METHODS

The experimental investigation was begun by selecting
several configurations for regression rate control through
the utilization of secondary injection. It was decided to
examine secondary injection at three locations through the
fuel grain wall: in the recirculation zone(flame holder
area), just downstream of flow reattachment and further
downstream within the region of the developing boundary
layer (in which is located a turbulent diffusion flame). 1In
addition, gaseous injection on the inlet step face and inlet
air swirl were examined.

Polymethylmethacrylate(PMM) was used as the fuel and had
a nominal 1length of 12 inches and an internal diameter of
1.5 inches. A sudden expansion inlet was used which provided
an inlet step height of 0.49 inches.

Flow reattachment normally occurs between 7 and 8 step
heights(i.e, 3.5 - 4 inches). Thus the three injection
location chosen where 2, 5, and 8 inches from the head
end(See Figure 2.1).

The injection ring was designed to provide radial
injection through eight equally spaced, 0.0625 1inches
diameter holes(See Figure 2.2 and Figure 2.3).

Gaseous injection was also used through the inlet step
face as shown in Figure 2.4 and Figure 2.5.

Swirl was provided to the inlet air flow through the use
of a swirl element inlet injector(Figure 2.6).

Initial screening tests of short duration were made in
which no injection or swirl was used, followed by tests with

various amounts of gaseous injection or swirl. Those
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oscillations. Therefore, other fuel regression rate control
techniques should be persued.

One possible alternative technique is the wuse of
variable swirl at the air inlet. Increased swirl may
increase the regression rate. This techinique would require a
vane control device. Another possibility is the use of
secondary injection of air, oxygen or gaseous fuel into one
or more locations within the combustor. This may lead to
both increased fuel regression rate and combustion
efficiency. If oxygen were used it would require an
auxillary supply system. Therefore, it would be a practical
possibility (to maintain simplicity) for a one-time
augmentation 1in thrust(at take-over from booster, at
terminal maneuver, etc).

In this 1investigation tests were conducted to examine
the effects of secondary gaseous injection and inlet air
swirl on regression rate and combustion efficiency.

A new ramjet thrust stand was installed in the
combustion laboratory and required calibration and
certification. A second part of this investigation was to
conduct tests using high temperature inlet air and then to
ensure that combustion efficiencies based on thrust and

based on measured chamber pressure were in agreement.
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Fig 1.1 shows a schematic of a SFRJ combustor. One
inherent problem with the SFRJ is the dependence of fuel
regression on the air mass flux through the fuel grain. The ‘

fuel regression rate generally behaves according to

. X
b k(-’%-‘ff—) £ (Tair,P) (1.1)
where T = fuel regression rate
Mair = air flow rate
Ap = port area
f(Tair,P)= a weaker function of inlet air

temperature and pressure

x 1s between .3 and .6

If the air flow rate increases or decreases, then the
fuel flow rate varies in the correct direction, but not
enough to maintain design fuel-air ratio. This can
significantly affect propulsive thrust.

The range of application and the performance of the SFRJ
could be significantly improved if fuel regression rate
could be controlled in some manner. Perhaps the most
obvious method for fuel regression rate control is to use
variable bypass air flow.

Bypass designs are often desired in order to increase

fuel loading, and can also improve combustion efficiency. A

valve in the bypass line could be used to vary the bypass

- IRRORENIg

()
A
.

ratio, thus producing changes 1in the fuel flow rate

according to equation l1.1. (since only the fuel port air

Pl )

mass flux affects the regression rate). However, combustion

efficiency may vary significantly with the amount of bypass

P R
DR rfe N Yy
PN SR

air and a control wvalve must be used in the inlet air

ducting. In addition, flow coupling may lead to undesired

T v eve ™
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C. AIR HEATER

To simulate actual flight condition, air should be
heated to the appropriate stagnation temperature. In this
investigation ethylene gas used in the air heater. The

oxygen in the air which is consumed during the heating must

be replaced before 1injection into the ramjet cumbustor.

Figure 3.2 shows a schematic diagram of the air heater. The

air heater and the ramjet motor assembly were mounted

together on the thrust stand.

D. DATA ACQUSITION AND CONTROL SYSTEM

The primary instrumentation used in this investigation

consisted of various individual pressure transducers and

thermocouples and a strain gage load cell for the thrust

measurement. All transducer outputs were recorded both with
a Honeywell 1508 Visicorder and HP-9836S computer using a
HP-3054A AUTOMATIC DATA AQUISITION/CONTROL SYSTEM. A timing

reference sigﬂal was provided to the analog record by

feeding a 10 Hz signal from a laboratory signal generator to
the timing channel of the Visicorder. During the test, the
HP-98365S

temperatures,

computer system was used to record the

and thrust, and calculate the flow rates of
the ignition gas, purge gas, air heater ethylene and oxygen,
air and secondary injection gas.
the PMM fuel

after each run.

It was necessary to record

grain weight and inner diameter before and
The fuel grain weight was measured using a
balance. All thermocouples used were chromel vs alumel
(type K) with electronic ice points.

The computer was used to both control the test sequence
and to provide data aquisition during the experiment. Figure
(See

Data aquisition for

3.3 1is a block diagram of the computer program.

Appendix A. for a complete 1listing).

all fourteen channels were recorded every 0.5 seconds.
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| TVariable definitions and nomenclature

Transducer calibrations
main air sonic choke pressure
chamber pressure
motor head greSSure
air heater fuel sonic choke pressure
oxygen make-up sonic choke pressure
ignition fuel sonic choke pressure
gurge gas sonic choke pressure
hrust transducer

Pre-run input
test number, date
fuel I, . )
fuel dimensions and weight
air heater fuel type
motor throat diameter
ignition delay time
ignition time
buring time
purge time

gas contants and desired flow rates

Flow rates set-up
main air
heater fuel
make-up oxyg
ignition fue
purge gas

n

=0

Test and data collection .
pressures and temperature 1in voltages

Data extraction
pressures, temperatures and flow rates

Figure 3.3 Block Diagram of the Computer

Data Aquisition/Control Program.

29

sonic choke diameters, discharge coefficients
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IV. EXPERIMENTAL PROCEDURES AND TEST CONDITIONS

A. TRANSDUCER CALIBRATION

A dead-weight tester was used for the calibration of all
pressure transdﬁéers. Initially all transdusers were checked
for linearity and the Visicorder(analog) display positions
were labeled. For the computer data aquisition, voltages
corresponding to atmospheric pressure and the maximum
pressure were measured. From these readings a calibration

constant (K) was determined for each transducer.

K Vemax ~ Ve (4.1)
Pmax
where Vpmax = voltage reading at the applied

maximum pressure

Vpo = voltage reading at atmospheric
pressure
Pmax = maximum applied pressure
The thrust transducer was calibrated in-place by

appliying known weights to the transducer through a pulley
system attached to the thrust stand.

B. FLOW RATES SET-UP

By use of the computer, the gas flow rates could be set up
before the hot firing. These were determined from short

duration flows using the equation

30
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Y. Ci Km P T Do (4.2)

J T

where km = constant (a function of R andT )

Cd = discharge coefficient
Pt = total pressure of the gas flow
Dchoke = sonic choke diameter

Tt = total temperature of the gas flow

C. TEST SEQUENCE

1. Thrust Stand Calibration

The thrust stand was calibrated to determine the
difference between the measured thrust and the actual or
theoretical thrust. The measured thrust can be in error
primarily due to the variation in flex-line stiffness with
changing pressure levels. The process was begun by
dead-weight calibration of the load cell. Cold air was then
flowed through the motor with a choked exhaust nozzle.
Measured thrust was recorded and compared to the theoretical
thrust. The latter was calculated using Equations (2.11l) and
(2.13). This was repeated for increasing air flow rates and
for three different exhaust nozzle throat diameter. An
additional test was made using hot air (1200°R) and a 12
inches long HTPB fuel grain. This test was conducted in
order to compare the temperature rise combustion efficiency

determined by using chamber pressure and by using thrust.

2. Fuel-wall Injection Tests

For the fuel-wall injection tests, three injection
location were used as discussed above. Each test lasted for

approximately six seconds, three seconds without injection
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and three seconds with injection. Air injection mass flows
of 2, 5 and 7 percent of the main air flow rate were used.
For oxygen injection, 1.5, 2 and 5 percent were used. Those
conditions which resulted 1in the greatest increases 1in
chamber pressure/thrust were repeated with full duration(30
sec) tests.

3. Face Injection Tests

In these experiments a twelve inches long
cylindrically perforated PMM fuel grain was used. Air
injection flow rates of 2, 5 and 7 percent of the main air
flow rate were examined.For oxygen injection, 1.5, 2 and 5
percent were used. Ethylene was also used with 0.5, 1.25 and
2.5 percent. Testing methods 'were identical to those

discussed above for fuel-wall injection.

4, Inlet Air Swirl Tests

Several inlets were initially tried which induced
swirl to the entire inlet air flow. Swirling the entire flow
apparently distroys the flameholding recirculation zone, and
resulted in no ignition. The tube-in-hole injector discussed

above was then tested using a twelve inch PMM fuel grain.
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V. RESULTS AND DISCUSSION

Summaries of the experimental results obtained during
the initial screening tests are presented in Table 1 and
Table 2 for fuel-wall and ihlet step-face injection
respectively. Results from the subsequent full duration

tests are presented in Table 3.

A. FUEL WALL INJECTION

In data presented in Table 1 shows that air injected
through the fuel grain surface was generally detrimental to
combustion. Air injection rates up to approximately 7 7 of
the inlet air flow rate had 1little if any effects on
combustion pressure when introduced downstream of flow
reattachment. Small amounts of air injected into the
recirculation zone appeared to provide small improvements.
The injected air was quite cold (approximately 500°R) and
therefore could have had a quenching effect on the boundary
layer combustion. Use of "in-flight" high air should be
examined in the future.

Unheated oxygen injection resulted in significant
increases in combustion pressure, especially when introduced
into the recirculation zone in small amounts. Based on these
screening test results two additional tests were conducted
with test times of approximately 30 seconds. These tests
were made to examine the effects of 1 % oxygen injection
into the recirculation region.

In these tests, a total grain length of fourteen inches
was used; two inches of PMM | then the injection ring and
then twelve inches of PMM. One test(Table 3, no. 30) was

made without injection and one with (Table 3, no.29).
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Oxygen 1injection resulted in approximately a 5 %
increase in in fuel regression rate (when adjusted for the
different air flowrate) but a decrease of 21 7% in combustion
efficiency. The recirculation zone is generally fuel rich.
Thus, oxygen 1injection should increase the "flame-holder"
temperature. This was evident during the test from increased
flame luminosity. .

It 1is not «clear at this point why the combustion
efficiency decreased or, for that matter, why the precence
of the ring alone increased combustion efficiency. The
oxygen injection velocity was approximately 30 ft/sec which
is less than 30 %7 of typical recirculation zone, near-wall
velocities. However, the injected oxygen may have penetrated
the shear layer.

Further testing would be benificial, especially using
HTPB, but at this point it does not appear that fuel wall
injection of small amounts of air or oxygen 1is a viable
method for providing fuel mass flowrate control since
combustion efficiency was decreased significantly and the

increase in regression rate was small.

B. INLET STEP FACE INJECTION

The data from the screening tests with step-face
injection are presented in Table 2. Unheated air had no
significant effect on combustion pressure. Oxygen injection
resulted in increased flame luminosity in the recirculation
zone but apparently did not significantly affect downstream
combustion (even though the overall equivalence ratio was
approximately 0.7). Injection of ethylene resulted in
significant increases in combustion pressure.

A full duration test (Table 3, no. 28) was conducted
using 1 % of ethylene with an injection velocity of

approximately 65 ft/sec. Comparison of the results with
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those for no injection (Table 3, no. 27) showed that only a
small increase occurred in fuel regression rate.

. Some of the ethylene apparently escaped the
recirculation region and burned downstream in the central
air or in the aft mixing region, resulting in little effect

on regression rate.

C. INLET AIR SWIRL

Only one test was conducted using inlet air swirl (Table

3, no. 31). Approximately 43 % of the air was injected
axially to maintain the recirculation zone flame holding
ability. This could be reduced to perhaps only 10 - 20 %,
resulting in more air with swirl. The amount of swirl was

also intentionally kept small ( 5 degrees from the axial
direction) to determine if regression rate was sensitive to
the swirl.

The small amount of swirl increased the fuel regression
rate by 15 %. This resulted in an increase in equivalence
ratio ratio from 0.69 to 0.79 . Some non-uniformity in
regression rate was also evident.

These initial results indicate that fuel regression rate
is quite sensitive to inlet air swirl. Further testing is
necessary using varying amounts of swirl, but the technique

appears viable for in-flight fuel mass flow modulation.

D. THRUST STAND CALIBRATION

The results from the cold-flow tests for comparison of
measured and calculated thrust are in Figure 5.1. Excellent
agreement was attained. A least-square fit of the data
resulted in the following equation for relating measured
thrust to the "actual” thrust

Fa = 1.0149 X Fm + 0.4 (5.1)
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where Fa = actual thrust, based on Pc and

throat diameter

Fm = measured thrust

A test was then coducted (Table 3, no. 32) in which HTPB
fuel was used with an inlet air temperature of approximately
1200 R. This test was made in order to compare the
combustion efficiencies based on chamber pressure and based
on thrust. The two efficiencies were within 5 %, with the
value based on Pc being greater. This difference 1is not
large when it is realized that small errors in determining F
and Pc from the analog traces are squared when calculating C

for the efficiency based on thrust determination.
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<50 ENTER 722;Uphf

£560  GUTPUT 709;*AC10"

$EP0 QuIPHT 70200730

€560 ENTER 722:Uthf

§599  CLEAR 709

6530 QUTPUT 709:*DC10,0*

8610 PRINT "MAMOALLY TURN OFF AIR "HEATER GAG’ SWITCH®
620 EEEP

§630  DISP *HIT CONTIMUE TO PROCEED®
640 PRLSE

6650 OUTPUT 709:°0010,0"

8650 Phf=(Ughf-Gohf0) B phFepbar

4670 Ualts=Uthf

£630  GOSUB Tcalc

bE9E  ThE=T

8700 MhF=XmhF¥CIhFXPhFR . TBS4%(Dhfchoke )/ (ThE*.S)

6710 PRINT USING '#°

5720 PRINT USING "43.DD.DOODD® "Mnf="ikhf

6730 PRINT USING *124,00.000DOY; “Mhe DESIALD=";Mhfd

740 Ratio=dnf/Mhid

6%?% uiﬂRI“T USING *134,D.T0D,2X,4A,5DDD. D0, 1A%, "KhF/ HhT DESIRED=";Ratin,"Thi="
758" Pg=Phf-Fbar

6771 T?EINTrgglng *SA,[DDD.DDD, 4A,3X,44,D3DD . DD, 1A, 43,D0DD. DD, 1A*,*PhF= *;Pq;*P
sig", "Thf=";Thf,*R"

5780 INPUT 14 HEATER FLEL FLON RATE ACTURATE ENZUGH? {Y/N)® Xx$

790 IF Xx$=*Y* THEN GOTO Phifin

800 Phinew=(PhEsMREd/HNE)-Phar _

6810 PRINT USING *134.DGDD.LD,4A"; *RESET Phf T0*;Phirew; Psig”

€920 DISP 'HIT CONTINUE AFTER'RESET OF Pné*

£810  PAUSE

£40  GOTO Phfset

6850 Phffin:t

£350  GISP "HIT CONTINUE TO PROCEED TO NEXT FLOW RATE SET uyp®

£970  PALSE

L8390 Phfckip: ]

6558 PRINT USING *8°

300 INPUT *DO YOU WANT TO PRESET THE HEATER OXYGEN FLOM RATE2(Y/N:*,I1$

4510 IF 728="N* THEN GOTO Pheskip

£920 TREXORRA RN RN AR AR R A A RN AR RPN AR R RN RR AR AN A A £
8930 PRINT "SET THE DRSIRED VALUE OF Pho USTNG THE HAND LOADER/PRESSURE GatE™
56940 PR R RO N O OO A OO RO RO R XA

6950 DISP *HIT CONTINUE WHEN REALY®
5958 PAUSE
4970 Phoset:!

5940 PRINT *MANUALLY TURN O ATR 'HEATER GAS’ SWITCH®

£991 DI5P *MIT CONTINUE T9 PROCEED®

7008 PALSE

7019 QUTPUT 709;°AC4"

7020 QuIPUT 70210130

7030 ENTER 722.0pho

2040 QUTPUT 709:*AC11®

7050 QUTPUT 722 73"

7049 ENTER 722;Uthe

7379 CLEAR 709

7089 QUTPUT 709,°0C10,0°

7970 PRINT *MAKUALLY TURN OFF AIR "HEATER GAS’ SWITCH®

7100 BEEP

7114 DISP "WIT CONTINUE TO PROCEED®

7120 PAUSE

7134 QUTPUT 709;°0010,0°

7140 Pho=(Vphs-Jphol)eKshotPhar

7150 Valts=Utho

716 BOSLE Tealc

I e
ho=Kmho*Cdho®®hon, 7854 % (Thochoke*2)/ )]

2190 PRINT USIRG B MThe*.3

7200 PRINT USTHG *43,00.00D50", "Mho="Hho
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900 IF Xx$="Y" THEN GOTO Dtheffcalc
S910  Panews(Pax¥iird/M3ir)-Phar
5520  PRINT "RESET Pa TG";Panew,“Psiq®
€970 BISP "4IT CONTIHUE AFTER RESET GF Pa®
940 PAUSE
5950 GOTO Paset
5980 Dtheffcalc: 1 CALCW ATE EFFECTIVE THROAT DIARETER, CHARACTERIS
TIC EXHANST VELACITY, THRUST EOTH THEDRETICAL AND MEA

5 970  Cstar=( (CcrRarraT1¥( ((Gammaair+l )/t ((Gannaa1r+1)/(Gannaa1r 1))/Gannaair)?
5933  Cfarr=.7394+.52393-(14.7/P¢)

990  Drheff=({{Cstar®Mair)/(.7834#Pc#Cc))*. 5
6000  PRINT *Cstarair(BASED ON Ti)=";Cstar, '(fx/sec)'
6018 PRIHT *Cfair=";Cfarr .
6020 PRINT *Dtheff=";Dtheff,*(in)"
6030 PRINT "Pco="; Pc 'Ps1a
5040 PRINT °Ti=* f1,9

8050 F=(VF-vin)eke '
£060  Fair=CFair¥Pcx, 7854%(Dtheff*2)

£970  PRINT *Fair(BASED ON Fo)=" lFaxr, ()"

6080  FRINT *Fair(MFASURED)=*:F, *(Lbf)*

6090  IF Xg=0 THEN GATO 5170
5108 INPUT *DO YOU WANT PRINTOUT OF POST RUM DATA?(Y/N)®,Yy$

5110 TF Yy$="N® THEN GGTO Finish
b128 Headlnogrxnt [

6130 PRINTER 1S 701
5140 PRIMT USIMG *&/°
5150 PRINT * saex®  POST RUM DATA COLD AIR, CHOKED swxxxx °
b156 GOTQ Preprint
6170  INPUT 'BD YOU WANT PRINTQUT QF PRE-RUN DATAZ(Y/N)*,Xx$

6180  1F Yx$="Y" THEN GOTO Presrint
6190 GDT0 Skipprint

5200 Preprint: |
6210 PRINTER 1S 701

£ If Ko=1 THEN GOTO 6240

! PRINT * xxxx PRE-RUN DATA, USING COLD AIR ONLY AND CHD
KED FLOW rexa®

240 PRINT **

635 PRINT USING "124,2%, 94  *:"TEST DATE 15", Dates

6240 PRIMT *Cstarair(haSeD ON T1)=*;Cstar *(f1/ser) *

27 PRINT Cfalr='£ffalr

£266  PRINT *Dtheff=";Dtheff,*{1n)"

6291 PRINT *Pco="; Pc"Psxa

6300 PRINT "Ti=* Ty b e
6310 ERINT *Farr(9ASED ON Pc)="; Faxr "(Lbf)"
8120 PRINT *Fair (MEASURED)=*:F “(Lbt}"
6330 PRINT "Mair=";Mair, " bn/sact

£330 FRINTER IS I
bIS IF Ko= l THEN GOTO Finish

5340 Skipprint; |

830 DICP 'ﬂlT CONTINUE TO PROCEED TO NEXT FLOW RATE SeT UP®

6380  PAUSE
6370 Paskip: !

5400  PRINT USING *@*
6410 INPUT °0D0 YOU WANT TO PRESET THE HEATER FUEL FLOM RATEY (Y/W)*,1:%

6420 IF Z:$="N" THEN GOTOQ Phfskip
B30 IRENERAROERNEESER OO RO RO R KRR RN K e x
6440 PRINT "SET THE DESIRED VALUE OF Phf USTHG THE HAND 1.CADER/PRESSURE CaGk"
HASH MANAREANERCO PO O RN RO A O O R EXA NN &
6440 DISP "HIT CONTTNUE WHEN READY®
6478 PAUSE

5480 Phfset;)
£490  PRINT USING °g°
5500 PRINT *MANUSLLY TURN DN AIR "HEATER GAS' SWITCH®

£510  DISP * HIT COMTINUE TO PROCEED®
6520  PAUSE

6530 QUTPUT 709;°A03"
5540 QUTPUT 722:°13°
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5250 IF Z:$="Y" THEN GOTO Nochange
Siuﬂ Changevariahle:!
5270 PRINT *IHPUT VARIABLE NAME= CORRECTED UM UE®
5220 PRINT "A STRING VARIABLE MUST BE ENCLOSFD TN QUOTATION XARKS®
5290 DISP “HIT EXtCUTE AND THIN CONTINUF AFTER CORRECTION *
G350 PAUSE
5310 GOTO Changet
3320 Nochange:!
3 ] DO OO O O R T OO R R R R Y
5340 VB, FLOW RATE SET-UPS
5350 !!!ill**lllliix**!i*!l*ll!iiii!il&i**lll(l}*lllll*i*!i*li*l*l*il**!l**ii1*
5350 PRINT USING "e*
G370 INPUT *DO YOU MANT T0 PRESET THE AIR FLOW RATE(Y/N)*, 11
5380 IF Zz%="N" THEN G070 Paskip
gggq PRINT °SET THE DESIRED VALUE QF Pa(psig) USING THE HAND LOADER /PRESSLRE €
L
5400 PRINT USING *3/*
5:1% PPRINT ;THE HAHD LOADER SHOULD BE 20 PSIG MORE THAN DESIRED PRESSURE®
5420 Pacet: !
5430 PRINT USING *3/*
5440  PRINT °*MANUALLY INITIA’E AIR FLOW BY TURNING 'MAIN AIR’ TO ‘ON’ AND PULR]
NG ‘PRI’ ON CONTRDL PANE
5450  LISP °HIT CONTINUE HHEN READY®
5460 PAUSE
5470 WAIT 3
o458 QUTPUT 709;"aC2"
496 OUTRUT 722, 'T3'
o908 ENIER 72“ voa
510 QUTPUT 709;°ACo"
socd QUTPUT 72: ‘T3
Sol% ENTER 722, via
TEl0  QUTPUT 709;°AC0"
NN OJTPUT 722: 'T3'
S98b NTER 7LL
€57 OUTPUT 7ué heg"
<5Sh OUTPUT 7:23°T3°
S8 ENTER 723,0n
<608 OUTFUT 769;°ACS°
€610 QUTPUT 722;°73*
5620 ENTER 7220
5630 CLEAR 709

S0 QUTAUT 709,°DC18, 101 DIGITALLY CLOSE CIRCUIT 1
g8 OUTPUT 709;°D010,1° ¥ DIGITALLY GPEN CIRCUIT

5520 PRINT *TURM OFF ‘MAIN AIR'"
5490 DISP “HIT CONTINWUE TO PROCEED®
5730 PAUSE

S710 Paz(Upa-Upal)eKpa+Phar

9728 Pc=(Vpc- Vpc0)*Kpc+Fbar

5730 Velts=Vta

TS Taale { CONVERSTON FROM VOLTAGE TO TEMPERATURE
75 FE

$730 Valts=Un

S0 COSUR Teale ! COMVERSION FROM VOLTAGE TO TEMPERATURE
) 1=

3790 Mair=Kmair¥Cdair#Pa%, 7854%(Dairchoke*2)/(Ta*.5)
5300 PRINT USING '?'

5810 PRINT USING *SA,2X,DDD. DDDDD' "Mair=":Mair

€029 PRINT USING '14A DbD.D0D*; *Matr DESIRED=";Maird
5810 Ratia=Mair/Maird

S840  PRINT USING "204,D. DDD 2X 34, lX DDDD.DD,14,3X,3A,D0DD. DD, 1A"; *Nair/DESIRE
D Mair=";Ratio, "Ta=*;Ta, R, *T1=bT0;"R°
5350 5=Pa- Pbar

Sa30 Pixnr USING 148, 0000.00,00%; 83 =%;P; eo”

SR70  PRINT USING '4A pCoD. DD 1A% "Ta = ;T o

SBE0  IF Ka=1 THEM GOTU Dty e€¢calc I DETERHKINE PRE-RUN OR POST-RUN
€830 IMPUT *IS AIR FLOW RATE ACCURATE ENCUGH? (Y/N)" Xx$
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4530 INPUT "THE AIR CHOKE DISCHARGE COEFFICIENT®, Cdatr
4690 INPUT "THE AIR HEATER FUEL CHOKE DISEHAREF_ﬁﬂFFFlCIENT' Cdhf
4760 INPUT *THE AIR HEATER OXYGEN CHEKE DISTHARGE COEFFICIENY® Cdho
4710 INPUT “THE TGMITION GAS CROXE DISCHARGE COEFFICTENT® Cdaf
4730 IMPUT *THE PURGE GAS CHUXE DISCHARGE CﬂEFFICIENs‘.CdE )
4710 INPUT *THE AIR HEATER FUEL FLOW RATE CONSTANT Knhf® . Kmhf
4740 INEUT *TRE ICMITION GAS FLOW RATE CONSTANT, Kmif* Kmif

750 INPUT °THE PURGE GAS FLGW RATE COMSTANT, Xmo® Nmp
4750 INPUT °GAMMA FOR HEATER FUEL,Sannahf‘,Gannahf
4770 INPUT *GAMMA FOR ICNTTION FUEL, Gammaif® Gammaif
4730 INPUT *GAMNMA FOR PURCE GAS, Gammap® Gammap
4798 INPUT "GAS CONSTANT FOR HEATER FUEL RRF(Ft.1bf/1bm.R)* RAF
4800 IMPUT °GAS COMSTANT FOR IGNITION FUfL\RiF(Ft.lbf/lbn.R)',Rxf
4810 INPUT *GAS COMSTANT FOR PURGE GAS, Rp(ft.1bf/1bn.R)° Rp
4320 INPUT "THE AIR CHOKE DIAMETER,Dsircheke (1a)7*,Darrchoke
4330 INPUT °THE HEATER FUEL CHOXE 5IAnFTER,Dhtfuchoke(in)',thchoke
A84) INPUT “THE TGNITION OXYGEN CHOKE DIAMETER,Dntoxcheka(in)® Dhochoke
4850 INPUT °*THF IGNITION FUEL CHOKE DIAMFTER,Dianfuchake(in)®,Difchake
4850 INFUT "THE PURGE CHUKE DIAHETER,Dpurqecﬁoke(ln)',Dpchoke
4370 INPUT °THE DESIRED MASS FLOW RATE OF AIR,Maird{lbw/cec)” Maird
4850 INPUY *THE DESIRED M2SS FLOV RATE OF heater FUEL,Mhfd(1ba/sec)® #hfd
4890 IHFUT °THE DESIRED KASS FLOW RATE OF heater OXYGEN.mhad(1lbm/sec)® Hhod
4904 INPUT *THE LESIRED MASS FLOW RATE OF IGNITIUN FUEL,Mifd{1bs/ser)® Mfd
4910 INPUT °*THE DESTRED MAS3 FLOW RATE OF PURGE Mnd(lbm/sec’* Mpd
4930 IMFUT °THE INJECTIGN GAS,Injectgas”,Injectgass
4930 IHREHEBHDOOHEEE RO RGO HDHOHORH0DHE SO OO
4540 1x  CHRCK THE THPUT DATA H
4550 JOHOREENHEHEODBEEEE HUHOHHEHOHEOOOH R OHER B O RO
4950 Changel: !
4970 PRINT USING “@*
4980 FRINT USING '14A,9A‘SX,14A,9A SX,144,94,2X,14A DDDD . DDDD", *Testna=";Testne
$ "Date=";Dated "Fuel1d$=";Fuelid$, "Pbar=" Fbar
4950 PRINT USING *14A,94 5X,144 975X, 14A,9A,5X 14A,9A"; "Heater fuel=";Heater fue
18, "Ign1tienfual=";Ian1t1onfuels, *Purge gas=":Purnenas$
5%00 DPRINE USING ‘ldA,DDDDﬁED.DﬁDD,SX,14A,DDDD.DﬁDD,SX,14A,DDDD.DDDD‘;'Urfz=';i
tF1,"bp=";Do, "Lo=":lp
5014 PRINT USING 414A DEDD.DDDG,SX,144,0ADD.DUDD*;"Di=";Di, Dth=";Dth
3920 PRINT LSING *14A,DDUD.DDDD, 5%, 184 DDDD.DDDD,SX,l4A,DDbD.DDDD,2x,14A,DDDD.D
POD*;"Tha=";Tma,"Tmi=";Tni, *Tab= éTnb,'Inn=';Tn
5933 Pﬂgx; ESENG ‘145‘Dbbﬁ,DDDD,JX,1AA,DbDD.DD%D';‘Dairch:‘3=‘;Dairchoke,'bhtfu
choke=":Dhfhoke
5040 PRINT USIMG *144,D0DD.DODD,5X, 14A,D000. 000D ; *Dhtoxchoke=";Dhochoke, *Dianf
srhoke=":Di1fchoke
650 PRINT USING '14A,DDDD.DbDD'é'Dpurqechnie='-Dgchoke
5060 PRINT USING '14A,DDDD.DDDO,JX,14A,DDDD.DDDb, X,14A,DUDD.BODD"; *Cdazr=";Ca
1rA‘th=';th€ *Cdho=":Cdha
5076 PRINT USthg “144,0DDD.DDDE, 5X, 144, DDDE . DBDD®: *Cdn="Cdn ,"Cdif=",Cd:f
5030 FPRINT USING '14A,DDDD.DDDD,5X.I4A,DDDD.DDDD,$X,I4A,bUDD.DDDD';'Cinnahf='1C
ammahf "Camaa1f=";Ganma1f
5090 BRINT USING *144,000D.D0DD"; *Cammap=":Ganmap
g;gu ;RiNIRUSINg "144,DD0D.DOPD,SX, 14A,0DDD. DODD,5X, 14A,00DD, DODD®; *RhF=" R-F,*
] :I; X [ ] =I; p
€110 'PRINT BSXNG *14A,DD0D.DDDD,5X,14A,00DD.D0DD,5X, 14A,DDDD . DDDD"; *Kahf =" ¥ anf
é'Kn1F=';Knxf *Kmp=":Kmp
5120 PRINT USING ‘IAA,DDDD.DDDD,SX,IAA,DDDD.DDDD';'Knh|='iKnho,‘Knaxr=';Kna|-
2138 PRINT USING "14A,DDDD.DDUD,SX,14A DDD DDDD‘@'Haxrd= Ma1rd *Tra=":T1d
5140 PRINT USIHG "14A DDPD.DDDD, SX,14A,DDDD. DDDD 5%, 14A,DD0D, DDDD, 2%, 14A,DLi T 3
DD "M Fd=* (MhFd *Mhod=" Khod, *Hifd=";A1fd, “Mpd="1Mp

50" PRINT INJECTION CAS 15° Injectaass

PO OHOE N A N R K R B O e e (s

I's UARTABLE CORRECTION i
DO OO R OO N BN 11,
PRINT USING “4/°
PRINT "CHECK ALL VALUES®
glagE'HIT ‘CONTINUE’ TO PROCEED TO CORRECTION OR MEXT SUBRQUTINE®

AU
TNPUT “VARTARLE OK? (Y/N)*, 118
IF 218="N" THEN GGTD Changevariable
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4009
4310
4529
4010
4041

Koe=Ppnax/(Upnnax-vnpﬂ)
PRINT *Xpp=":Kp
LEP PP="3AFD
INPUT “READING GK? (Y/M)* 71718
IF Z1$="N" THEN GOTO Fpmaxcal

4050 Fcal: !

4050
40170
4039
4090
4100
4110
4120
13

4143

4150
4140
4170
4139
4190
4230
4210
4220
‘ 4230
4240
423
4251
4270
4280
4290
4300

4130
4340
4350
43¢0
4370
4380

JF Ff=0. THEN GOTD Endcal

D R A R X R N N RN RN NN R AN NA KRR RN
PRINT “xxCALTZRATION OF F, THE THRUST STAND LOAD CELL¥*»*

R EE T2 TR iRt azsysss stttz ez ezttt eIt iitziaatls
Flcal: !

PRIMT “wxxx7ER0 CALIGRATIONZxx%"

PRINT *INSIURE THAT THE 'ZERJ’ TARE RETGHT IS ON THE TRAY®

DISP "HIT CONTINUE WHEN READY®

PAUSE

REMOTE 709

QUTPUT 709;'ACS"

QuTeyT 72273

FNTER 722:0¢0

PRINT "Ufd=":vfo

INFUT “READING OK? (Y/N)"
IF 7:8="N" THEN GOTO Flcal
Fmatcal:

PRINT USING "8*

FRINT *exaxCal IBRATTON® %%

PRINT *APPLY MAXTMUM WEIGHT TO THE TRAY®
INPUT “ENTER THE MAXTMUM UEIGHT IN LES®,Fmax
DISP *"HIT CONTINUE WHEN READY®

PAUSE

REMOTE 209

(WTPUT 709;"ACS"

QUTPUT 722;°T3"

ENTER 722;0Ufmax

PRINT "Wfaax=";VUfmax, "Fmax=";Fnax
Kf=Frat/(Yfmas-Ufd)

ZRIHT ez Kf

EEP
INPUT "READING OK? (Y/N)",I1%
IF Zz$="N" THEW GOTO Fmaxcal

1:%

4390 Endcal: )

4400
1410
4429
4330
4440
4450
4440
4470
4480
4490
4300
4510
NE

4530
4549
455

4560
4374
4330
4590
4500
4610
4520
4530
4540
4650
4650
44671

PRINT “THIS ENDS THE CAl LBRATIONS °*

VEREARSSHIOHEA IR R NA RN E RO K R0 KR X ¥
1(3) PRE-RUN INPUTS, FLOW RATE SET-UP

PO FOHOEOOREHEHE N EOHE SO OR X IOUEO T EHOHEHEC R A XX
1A, PRE-RUN INPUTS
PHESEHHODOHHOOBHO D HEDHHOOHOHEEOOU O OO R R Y
Inputvariables: !

TNPUT *DO YOU WANT TO INPUT NEW VARTAERLES (Y/N)®,Yy$

IF Yy$="N* THEN G0TO Nochan?e

PRINT *INPUT THE FOLLOWING TEST VARIARLES®

PRINT *STRING VARTABLES MUST BE ENCLOSED IN QUOTATINN MARKS®

INPUT °THE TEST IDENTIFICATION NUMEER,A STRING VARTABLE®,Testne$

TXPUT °TODAY’S DATE AS MO.DAY.YEAR.A STRING VARIABLE *.Dates

INPUT "THE BARDMETRIC PRESSURE® Phar )

INPUT *THE FUEL IDENTIFICATION,A STRING VARTAKIE "Fuelxds
INPUT *THE AIR HEATER FUEL TYPE,A STRING VARIABIE ° Heaterfuel$
INPUT “THE SFRJ IGNITION FUFL T?PE,A STRING VARJABLE * Ignitionfyels
INFUT “THE PURGE GAS TYPE A STRING UARTABLE ‘,quqeqas‘

INPUT °THE INTTIAL FUEL CRAIN WEICHT (LEM)® W1fy

THPUT °THE INITIAL FUEL GRATM INTERNAL DIAMETER (IN)*,Dp

INFUT “THE INITIAL FUEL GRAIN LENCTH C(IN)®,Lp

INPUT "THE ATR INLET DIAMETER (IN)* In

THPIIT °THE MOTOR THROAT DIAMETER (IN)® Dth

INPUT *THE DESIRED AIR INLET TEMPERATURE {R)*,7id

TMPUT "THE DESIRED IGN{TION LELAY TImE (SED)*,Tha

INPUT *THE DESIRED IGNITION TIsE (SECY* Tmi

INPUT “THE TESTRED EBURM TIME (SEC)®,Tmb

INFUT °*THE OESIRED PUKCE TIME (SEC)*.Tmo
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31320

31330

‘ 1140
- 3350
| 3360
3370

' 3390
3399

3400

3410

340

3430

] 3440
‘ 3459
J4t0

3470

1489

1190

500

i 3510
I )
. 530

3540

3630
3640

; 3550
3680

\ 1870
| 3680
; 3599
3700

710

3720

3730

3740
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ENTFR 722.Vphamax

PRINT “Ughomax=";Vphomax, *Phomax=";Phomax
Kaha= Phonax/(UEhonax-Uphoe)

PRIAT "Kpho=";Kpho

EEEP

INPUT °READING OK? (Y/N)* 718

IF Z1$="N* THEN GOT0 Phemaxcal
Pifcal:t

DRSO O OHH O PO OO OO RN
PRINT *x*CALTERATION OF Pif, THE SFRJ IGNITIOM FUFI PRESSURE TRANSDUCER¥x"®
PEEEEE SO OO A RO OO R A R R R AN X
Piflcal: !

PRINT “#x#xZERQ CALIRRATION®*xx®

FRINT “INSURE THAT WG PRFSSURE 1S APPLIED TO THE TRANSDUCER®

DISP "HIT CONTINUE WHEN READY®

PAUSE

RENOTE 709

QUTPUT 709;"ACH®

OUTPUT 722;°T3°
ENTER 722; égxfo
PHINT “Vpif
TNPUT *READING GK? (Y/N)* 128

IF 7z8="N* THEN GOTO Pifcal

Pifmaxcal: !

PRINT USING *8*

PRINT “exexCALTBRATIONX#xx"

PRINT *APPLY THE MAXTMUM PRESSURE USING DEAD WETGHT TESTER®
THPUT “ENTER THE MAXTMUM PRESSHURE IN psig",Pifmax

DISP *HIT CONTINUE WHEN READY®

PAUSE

REXDTE 709

OUTPUT 709;°ACS®

ouTPUT ?22 LT3
ENTER 722;0pifmax
PRINT prfnax “:Vp1fmax, "Pifmax=";P1fmax

glf =Py fnax/\v 1fm31- Up1?0;
P ’NI ‘Aprf="; 919

INPUT *READING OK? (Y/N)* 11$

IF Z:8="N" THEN GGTO P1fmarcal
Ppeal: !

DO HHOHOOHR DO ORI EE HOHE N
PRINT *»xCALTBRATION OF Pp, THE SFRJ PIRGE GAS PRESSURE TRANSDUCERex "
P!Bil{lil}llIllllil**lllilIlli*iillli!li&llli**ll*lillll!lll!l**l**lll
plcal: !

PRINT *x#x%7ER0 CAL TRRATION®x#x*

PRINT "INSURE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER®

ixfﬂ

CISP “HIT CONTIMUE WHEN READY®
FALSE

RERQTE 709

CUTPUT 709-'AC7'

QUTPYT 722,°13°

ENTER 72 UpQO

PRINT *Vpp

v
TNPUT *READING 5%7 (Y/N)* 118
IF 278="N* THEN GOTO Pplcal

Pemaxcal:

]
0 PRINT USING *#*

PRINT *txsCAL IDRATTOM»x %"

PRINT "APPLY THE MAXIMUM PRESSURE USING DFAD WEIGHT TESTER®
TKPUT °ENTER THE MaXTMUM PRESSURE IN psig®,Ppmax

DISP *HIT COMTINUE WHEN READY®

PAIJSE

REXOTE 709

OUTPUT 789;°AC7"

aureur 72z:°13°

FNTER 722;Vppnax

PRINT “"Voomax=*;Upomax,*Ppmax=";Pomax
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QUTRYUT 722,°13"

ENTER 722, 0phnax

PRINT *Vphmax=";Uphmay
Knh=°hnax/(Uphnax-Uph05
PRINT *(oh=";Kph

BFEP

INPUT "READING 0?2 (Y/N)Y*,I1$

IF Z1$="N* THEN GOTO Phmaxcal
Phfcal:!

D OO RO OO O R KR LA NN Y
PRINT *xxCALITERATION OF Phf, THE ATR HEATER FUEL PRESSURE TRANSOUCFRwx"
PRAREAA0HHEHOEHOU A O OO R AR R AR 5N RN AR 1R X 4
Prflcal: 1

PRINT "wx437ERQ CALIBRATION®#%x®

PRINT “INSURE THAT MO PRESSURE IS APPLIED 7O THE TRANSDUCER®

gzagE'HIT CONTINUE WHEN READT®

READTE 709
GUTPUT 709;*AC3"
QUTPYT 722;+T3°
ENTER 722;08h€0
PRINT *VphfD=":Ughf0

INPUT “READTNG OK? (Y/N}* 218

IF 11$="N* THEN GOTO Philcal
Phfmaxcal: )

PRINT USING *8*

PRINT 1xxeCAL TERATIONS®x*" )

PRINT *APPLY THE MAXIMUM PRESSURE USING DEAD-WEICHT TESTER®
INPUT “ENTER THE AXIUN PRESSURE TH psig®, Phfmax

DISP *HIT CONTINUE WHEN READY®

PAUSE

REMOTE 709

QUTPUT 709;°AC3"

QUTPYT 722173

EMTER 722;0ohfmax

PRINY *Upnimax=*:Vphfaax “Phiumax=";Phinax

KshF=thnax/(UEh nax-Ushto)
PRINT *Kphf=*;Kphf

BEEP

INPUT "READING OK? (Y/N)* 118

IF 2:$="N" THEN GO0 Phfmarcal
Phocal:!

T EEHOEOHEEHHOHHHOHEHOBHH S 00 D OO OO RS R R R R
PRINT "*xCALIERATION OF Pho, THE ATR HEATER OXYGEN PRESSIRE TRANSTUTER#x*
PR DO OO O O O OO O E R R R RN AL M2 %
Pholcal: !

PRINT *#xxu7ERD CAl IBRATION*xxa®

PRINT *INSURE THAT NO PRESSURE IS APPLIED TO THE TRAMSDUCER®

Béé;_'HIT CONTINUE WHEN READY®

N o

RFMOTE 709
QUTPUT 709;°AC4*
OUTPUT 722:*73°
ENTER 722;08h00
PRINT 'Ughc =*:Yphal

INPUT *READING NK? (Y/NY" Iz%

IF Z24="N" THEN COTD Pholcal
Phamaxcal:

PRIMT USING *8*

PRINT "wxxxCAl TBRATTON* #x%"

PRINT *APPLY THE MAXIMUM PRESSURE USING DEAD~WEIGHT TESTER®
INPUT "ENTER THE MAXTMUM PRESSURE IN ps1g°,Phenax

2£ﬁg "HIT COMTINUE WHEN READY®

£
REXOTE 709
QUTRUT 709;°AC4"
QUTPUT 722:°73"

*Phnai=";Phmax
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i 1950 Kna=(Panax)/(URanax-UpaO)

kel 1970 PRINT “Kpa= *;Kpa

. 1980 BEEP

- 1990 INPUT "READING OK? {Y/N)* 118 _

2000 IF Z:%="N" THEN GOTO Pamaxcal .
2019 Pceal:!
2020 PR RE R E AN RN N RN ER R R SRR R AR AR A R
2020 PRINT *#xCALTERATION OF Pc, THE SFRJ MOTOR CHAMBER PRESSURE TRANSUHCER®x®
2040 LA R R A R A L O R R N R R R R RN RN R R R AR RN AR R

ro
>
wn
<>

Pclcal: 4
2059 PRINT *xexx ZERD PRESSURE wxss*
2070 PRINT “INSURE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER®
2090 DISP *HIT CONTINUE WHEN READY®
2090 PAUSE
2160 REMDTE 709
2110 QUTPUT 709;°AC0"
2120 WAIT 2
130 QUIPUT 722:°T3"
30 ENTER 722;%pc0 0
S0 PRINT *Upc0=":Vpc
BEER. i\

INPUT *READING OK1  (Y/M)® 11

80 IF Zz8="N* THEN GOTO0 Pclcal

98 Pcmaxcal: !

PRINT LISING *@"

3310 PRINT * s%¥x CALIBRATION #¥xx*

2330 PRINT "APPLY THE MAXIMUN PRFSSURE USING DEAD-WEICHT TESTER®
2330 INPUT "ENTER THE MAXINUM PRESSURE IN psig®,Pcmax
3340 DISP "HIT CONTINUE WHEN READY®

3390 PAUSE

2380 REMATE 709

2270 OUTPUT 709; *ACa"

WAIT 2
2290 QUTPUT 722:°T3"
2300 ENTER 722;Ypcmax
2310 PRINT *Vpcmax=";Vncmax, *Pcmax=";Pcmax
23129 Koc=Pemax/(V caax-Upcﬂs
2330 PRINT “Kpe= *;Kpc
2340 BEEP
2350 INPUT “READING 0X7 (Y/M)*,7:%
2180 IF Z:$="N°® THEN GOT0 Pcmaxcal
2370 Pheals!
2320 PHESRXAREHENNEPOHERERONNOHEDOHEEN L OUHOROHE EHOHH O OO R R R 2 X
2390 PRINT "xxCALIERATION GF Ph, THE SFRJ MOTOR HEAD-END PRESSURE TRANSDUCER*»"
SH0 LR E RN ER RN R AR R AR RN RO R R RN R F IR 1 2k
2410 Phlcal: !
20 PRINT “##x#7ERQ PRFSSUREwwxx"
2430 PRINT *INSURE THAT NO PRESSURE IS APPLIED TO THE TRANSDUCER®
2440 CLTSP "HIT CONTINUE WHEN READY®
2450 PAUSE
2460 REROTE 709
2470 OUTPUT 709;°*ACt"
2480 WAlT 2
2498 QUTPUT 722;°13"
;- 2580 ENTER 722;Vpht
At 2510 PRINT "Vph0=";VUpho
EFEP

1 2530 INPUT °“READING OX? (Y/N)* 718

o 2540 IF Z1$="N* THEN GOTO Phical

g 2550 Phmaxcal: |

[ } 2550 PRINT USING "@°

PRINT *#xxaCALTBRATION®N%x"

2930 DISP "APPLY THE MAXIMUM PRESSURE USING DEAD-WEIGHT TESTER®
INPUT “ENTER THE MAXTMUM PRESSURE IN Psig®,Phmax
2608 DISP °HIT CONTINUE WHEMN READY®

2518 PaUSE

REMOTE 709

2530 QUTPUT 709:°ACY"
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::- 3357 ] I" 0-1ess= 00409 AND Volts(, 00831 THEN T=((Vslts-.00507)/.000022
ol 2yeF
:,‘ 1’&0 [€ 01 re=, 00031 AND Volts(. 01056 THEN T=((Volts-.00831)/.000022
>, S140:0 :
§ ;§7g40 IF Naltsy=, 01055 AND Volts(, 81295 THER T=((Volts-.01056)/,000022
+
N gzeon . IF Valts)=.01285 AND Volts(, 01518 THEN T=((Volts-,01205)/,000023
e 14104
f by L%Q?'SP IF Vslts)=.01513 AND Velts{, 81752 THEN T=((Velts-.01518)/.000023
fae + i1
- 2;02750 IF Volts)=,01752 AND Volts!.01998 THEN T=((Velts-,01752)/.800023
+2
141? " IF Valts)=. 01983 AND Volts(.§2225 THEN T={{Volts-.01928)/.000023
7)+13
1420 IF Ualts), 02225 THEN GOTO Toohigh
1438 AETURN
1440 Teohigh: !
140 PRINT "TEMPERATURE SET AT {468 R®
1448 pant *I=*,1
1470 T=iaef
142 FE ‘90
1350 ”J .
1t 'ﬂ" "ﬂﬂ o
‘&'10 qE 'li]
520 Tvo-zzale )
1930 1 e rE R O O RO OO R RO R RN

1580 02 TRA*TILCET TALIERATIONS

€50 ':vll!llllll!{‘!\i!llll*lllill*l!l*ll'll*llli*!**l*!*ll*l*l*l**!llli!lll
1560 'HERF APE & PREZCCRE TRANCDUCERS AMD OME LNAD CELL FOR THOUST  WHICH
1570 'RaST BE CALTRRATED. TRANSDUCER LINEARITY MUST EE VERIFIED REFOPE THIS

1580 '[ALTERATICN PRUCEDJRE IS EMPLOYED, THE NRDER NF CALIERATION IS AS

1570 HETLLOKRE, Pa, Pc Ph, PhF, Pho Plf Po, F

1600 114 FLLOWIAG Twd LENES SET UP 722'AND'709 FOR DATA ACRUISITION®

1610 CLEZR 709 b CLEAR 34974 DA'A ARUISITICN/CONTROL UNIT
1620 CiRAR 722 } CLEAR 345tA DIGITAL VOLTMETER
1616 RE4QTE 709 ! HAKE 34974 UNIT TO REMOTE MODE

}243 PDUTiUT 722 "LIR3ISTNZI10STIT4QX1™ 1 10 READING PER TRIGGER AND STORE

acal: !
15;0 PR BRSO OO OO R OHO R OO R L R
1670 PRINT "xx CALIMRATION OF Pa, THE AR SOMIC CHOKF PRESSURE TRANSDUCER"
1680 " ¥EBERERESRARREROOHHEHUHOHDEEHHHEUEHE OO DO U R
1690 Palcal: !}
1700 FRINT ® s%xsa 7 E RO PREGSSURE mexnet

1710 PRINT ®INSURE THAT NO PPESSURE IS APPLIED TO THE TRANSDUCER®
%;%0 glEPF'HIT CONTINUE WHEN READY TO TAKE ZERD READING®

AUSE

b 1740 REXOTE 709
o 1750 OUTPLT 799,"AC2° ! AQYIRE CHANNEL 2
ol ‘”60 il 2
L 1770 CQUTPUT 722:°13" v INITATE SINGLE TRIGGER
- 1790 ENTER 7:2:(0al I READ VOLTAGE
o 1790 PRINT *Vpal=*;Vpal
1800 BEFP

r!g 1810 INPUT *READING CX? (Y/N)* 718
b 1820 1F Z:$="N® THEN GOI0 Palcal
p e 1830 Pamaxcal; 1
[{f 1840 PRINT USING *8° I CLEAR GIREEN
o 1350 FRINT *  aaexx C AL TRHRAT [N wexpex?
- 1860 PPINT "RPPLY MAYTMUM PRECSURE USING THE Dxab ~WEIGHT TESTER®
S 1870 ISPUT "EATEP THE MAXIPUM FRESSURE IN psig®,Pamax
| @ 1290 DISF *HIT CONTINUE WHEN READY®

E 1850 PeUSE
[- 1990 KENCTE 709
b 1910 OUTFUT 709;"AC2*

c 1920 wWAll 2

1930 OUTFUT 722,13

. 1740 ENTER 722:Upamax
b 1950 PRINT *Vpamax=*;Ypamax,*Pamar= *;Pimax

@
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690 1 Tma TINE BETWEEN SFRJ AIR FLOW AND IGNITION, sec
730 1 Tab BURN TINE AFTER Ta1. sec
701 Twi TCNITION DURATION AFTER Tha, sec
201 Tap PIRGE DURATION SFTER Teb, sac
701 T TEMPERATURE, PURLE GAS SONIC CHOKE, R
T INITIAL FUEL CRAIN WEIGHT, Lba
A

770 EEEP 1000, .1
780  PRINT USIHG *8*
790  PRINT USING *&/°

899  PRINT * 1.2 Volts MAXIMUM into Acquisition System!it®
818 ! THE RECORDED VARTABLES (VOLTAGES) AMD LOCATIONS ARE:

%gﬂ % (NOTE: THE MAXIMUM ALLOWARLE VOLTASE INTO THE SYSTEM IS 1.2 vOLID
gg% % VARTABLE 3497 DACU SCANMER NUMBER 0 _
868 VP Z

878 ! Pc [

820 ! Ph 5

890 | Phf

900 ! Pho 4

910t Pif [}

98 1 Pp 7

I ) F 3

940 9

950 ! THf 10

968 1t The 11

97¢ ' i 8

988 1 Tif 12

99 ' To 13

1000 ¢

1010 !

1039 'ALL FLOW RATES ARE CALCULATED USING THE ONE-DIMENSIONAL, ISENTROPIC
1330 IFLOW EXPRESSIONS WITH FIXED PROPERTIES, SMALL SONIC NOZLES HAVE
1040 IFASURED DISCHARCE COEFFICIENTS. THE AR FLOW NGZILE USES AN ASSUMED
iDISCHAQGE COEFFICITNT (Cd) OF 4.97,

1050 1
ggg% L (LEN/SEC)-CaapsAkn/T*.5
%ﬁ%ghISWEM&MHMHTwMCWMEHWRMEmeM
{{ég {Kn=SQR((Ganna*Gc/R)l(E/(Ganna+l))‘((Canna*l)/(Ganna-l)))
}}33 { APPPOPRIATE CONSTANTS ARE:
§15% | GAS  MOLECULAR WT. GAS CONST.  CP  GAMMA Kn
0
1170 1 AIR 29.10 53,3 240 1,40 5320
1160 1 02 3200 43.3 217 14 ‘5589
1190 ' CH4 16,03 954 593 1.3 13878
1200 ) (2H4 28.03 551 400 1,22 14935
§g1g ! ARGON 199 18.7 124 1,67 (6625
1230 1ALL THERMOCOUPLES USED ARE CHROMEL vs ALUMEL (TYPE K) WITH
1240 VEIECTRONIC ICE POINTS. TEMPERATURE READINGS (VOLTAGES) ARE
1350 ICONVERTED 10 DECREES RANKINE (R) PER *INDUSTRIAL INSTRUMENTATION® BY
1380 10.P, ECKMAN (PAGE 359)., THIS CALCUIATION IS PESFORNED TN SURKONTINE
1370 Tcalc. TEN VOLTAGE INTERVALS ARE LSED RETWEEN 460 AND 1450 R.
1286 Cc=12.174
¥ 1290 Kg= I PAST RUN CONTROL FLAG
e 1360 GOTN Transcal
¢ 1319 Veale: )
" 1370 IF Volts(.00153 THFN T=((Volts+,00058)/,0000220)+450 N
b i 1F Uol1s)=,00153 AMD Volts!. 00332 THEN T=((Volts-. 00159)/. 000423
- ¥
- 1340 IF Volts)=.00382 AND Volts(.00509 THEN T=((Volts-.00282)/.000072
r - 714450
F &b |
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APPENDIX A
COMPUTER PROGRAM FOR EXPERIMENT CONTROL AND DATA REDUCTION

ISFRITEST

1SOLID FUEL RAMJET DATA ACOUISITION AND DATA REDUCTION PROGRAM,

ITHIS PROGRAM IS DIVIDED INTO FIVE

! (1) VARIABLE DEFINITIONS AND NOHENCLATURE

! {2) TRANSDUCER CALTBRATTONS

! {3) PRE-RUN INPUTS,FLOW SET-UPS

! (4) THE TEST SEQUENCE AND DATA COLLECTION

! {3} POST-RUN OPERATIONS
DHHHEHHEHIGHRHHEHHHEHHHHEH B R

100 (1) VARTABLE DEFTNITTONS AND HOMENCLATIRE

110 1336 R H 53 HHHHEHPHEE HHERHEHHEHEHHHEHHHHEH R HHEHEEHH R

9 | SYMBOL DEFINITION
13 ) A ANALOG CHANNEL NUMBER
140 t (33ir DISCHARGE COEFFICIENT, AIR SONIC CHOKE
150 1 Cdhf DISCHARGE COEFFICIENT, WEATER FUEL SOMIC CHOKE
160 ! Cdho DISCHARGE COEFFICIENT, DXYGEH MAKE-UP SONIC CHOKE
170 1 Cdif DISCHARGE CSErFIC'ENT IGNITION FUEL SONIC CHOKE
180 ! Cdo DISCHARGE PUEFFLCIENT PURGE GAS SONIC CHOKE
190 1 Cf THRUST COEFFICIENT
00 ! Cstarth THEORETICAL C%, FT/SEC
10 1 Cstarair C* FOR AIR FLOW PASED ON Dtheff
220 ! Daircheke AIR SONIC CHOKE DIAMETER
30 1 Dates Test Date Ho-Dav-1r
40 | Dhfchoke AIR HEATER FUEL SONIC CHOKE DIAMETER
50 1 Dhochoke 0XYGEN MAKE-UP SOMIC CHOXE DIAMETER
60 1 Di MOTCR INLET DIAMETER, IN.
70 | Difchoke IGHITION FUEL SONIC CHOKE DIAMETER
280 ) Dp MOTOR FUEL PORT DIAMETER,IN.
98 1 Dochoke PURGE GAS SONIC CHOKE DIAMETER
00 | Dth MOTOR CSXHAUST MOZZLE THROAT DIAMETER,IN.
310 | Dtheff EFFECTIVE THROAT DIAMETER,IN.
320 1V F THRUST
I3 U Fuelids FUEL IDENTIFICATION
340 1 GRAVITATIONAL CONSTANT (32.174)
350 1 Heaterfuel$ FUEL IDENTIFICATION
350 | Ignitionfuels  SFRJ IGNITION FUEL I.D
370 1 Kmarr AIR SONIC CHOKE FLOW RATE CONSTANT
80 ! Kanf HEATER FUEL SOMIC CHCXE ~LON RATE CONSTANT
396 ! Xnmho OXYGEN MAKE~UP SONIC CHOKE FLOW RATE CONSTANT
s 1 Kmif IGNITION FUEL SONIC CHOKE F.CH RATE CONSTANT
410 1 Knmo PURGE GAS SONIC CHOKE FLOW RATE CONSTANT
20 ! Ls FUEL GRAIN LENGTH
A3 ! Mawr AIR FLOW RATE, L3M/SEC
440 ' Maipd DESIRED AIR FLON IATE, Lbm/sec
450 1 Mhe HEATER FUEL FLOW RATE, Lbm/sec
80 1 HhFd DESIRED HFATER FUFL FLCH RATE Lbm/sec
470 1 Mho HEATER OXYCEN FLOW 2ATE, Lbw/sec
480 1 Mhod DESIRED HEATER OXYGEN FLOW RATE, Lbm/sec
499 ' Mif IGNITION FUEL FLOW RATE, Lbm/sec
S00 1 Mifd DESIRED IGNITION FUEL FLOW AATE, Lbm/sec
S0V M PURCE CAS FLOW RATE, Lbm/sec
520 ) Mpd DESIRED PHRGE GaS FLOW 2ATE., Lbm/sec
S ) Pa PRESSURE, AIR SONIC POKE Psla
S40 ) Phar BARDMETRIC PRESSURE, ®sta
53 1 Pe PRECSURE, CHAMBER. Psla
S50 1 Ph PRES:LRE MOTCR HEAD-FAND. Ps1a
b 570 1 Phf PRESSURE, HEATER FUEL SONIC CHOKE, Psia
4 580 ) Phe PRESSURE, HEATER OXYCEN SONIC MHOKE Psia
I 598 1 Pif PRESSURE, ICNITICN FUEL SONIC CHOKE, Ps1a
' 600 1 Po PRESSURE PUQGE 5AS SONIC CHOXE, ’sxa
’ 618 | Purgegass PURGE GAS 1
3 80 V Ta TEP?ER“YUQE A[R SONIC CHOXE, R
. 630 1 Testnes TEST [.D
- 640 v Th¢ TEHPERQTUEE‘ HEATER UEL SONIC THAKE, R
658 t The TEMPERATURE . OXXYGEM #aKE-f SCNIC CHOKE, R
660 V Ti TEMPERATURE, #0TCR AIR INLET. R
-. 670 ' Tid TEMPERATURE, DESIRED 40TCR AIR INLET. R
.- 80 ' Tif TEXPFRATURE, IGNITION FUEL 3ONIC CHORE, ?
43
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VI. CONCLUSIONS AND RECOMMENDATIONS

Additional tests using fuel-wall and step face
injection of oxygen, gaseous fuel and/or heated air should

be conducted to verify the initial results found in this

‘investigation. However, the initial data from this

investigation 1indicates that gaseous injection 1is not a
viable tecnique for fuel regression rate control.

Fuel regression rate was found to be quite sensitive to
small amounts of inlet air swirl without large changes in

combustion efficiency. Additional testing is recommended.
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7210 PRINT USING *11A,DD.DDDDD"; "Hairinject=";Mho

7220 PRINT USING *18A,LD.DDDDD*;"Mba DESIRED=";Mned

7238 Ratia=Hho/Hhod

7240 PRINT USING *33A, DDDD.DDODD,3X,4A,DCDD.DD, 1A% "Hho/Hho DESIRED=" Rat

10, "Tho=";Tho,'R"

250 Pg=Pho-Pbar ,
7§§g 'h RR]NT USING “5A,DDDD.DD,1X,SA,5X,4A,L0DD.DD,1X,2A"; "Pho=";Pg; "Psiq"
T 0=.‘l o;ll ]
oy ! INPUT *1S THE HEATER OXYGEN FiOW RATE ENQUGH? (Y/N)>?7*,Xx$
7280 IF Xx$="Y" THEN GNTO0 Phofin
7291 Phonew=(Phoxdthad/Mha)-Phar
7308 PRINT USING *{4A,0DDD.DD,1X,4A": "RESET Pha T0 ";Phonew;"Psig"”

7310 DISP *HIT CONTINUE AFTER RESET OF Pho®
7320 PAUSE
733 G010 Phoset

7340 Phofin:!

7350 DISP °*HIT CONTINUE TO PROCEED TO NEXT FLOW RATE SET UP*

730 PAUSE

7379 Phoskip: 1

7380  PRINT USING *@°

7390 IMPUT °*DO YOU WANT TO PRESET THE IGNITION FUEL FLOW RATENY/N)®,I1%

7400 IF Zz%="N" THEN GOTO Pifskip

T410  DOEREHREERIRNEODHOER NI HOEHDNRENHOODHOHEUHEOEDHOHOHEHDOHOROORNE
7426 PRINT ® SET THE DESIRED VALUE OF Pif USIMG THE HAND LDACDER /PRESSURE GAGE®
7430 PRRE SRR DB AR RN KRR I N R R R R EK
7440 DIGP *HIT CONTINUE WHEN READY"

7490 PAUSE

7450 Pifset:i

7478 PRINT *MAMUALLY TURN ON * IGN, GAS * SWITCK®

74840 DIS@ * HIT CONTINUE WHEN READY®

7478 PAUSE
7508 CUTPUT 709;"ACS"
7380 WAIT ¢

7520 OUTPUT 722:°T3°
7530 £NTER 722.0pif
7540 OUTPUT 709;"aC1R"
7550 QUTPYT 722:°73°
7560 ENTER 720;01if
7570 BEEP
£30  PRINT *MANUALLY TURN OFF ‘ICM GAS’ SWITCH®
7560 DIGP *HIT CONTIMUE 70 PROCEED"
7600  PAUSE
7610 Pif=(Utif-Vpif0)*Kpif+Pbar
7620 Molts=Utif
7510 GOSUE Tcalc
7640 Tif=T
7650 Mif=Knif¥CdifsPifs. 7854%(Difchoke 2)/(T1f*.5)
7440 PRINT USING *8"
7670 PRINT USING *4 DD.DODDD" :"Kaf=* hif
7580  PRINT USING *1Sh,DD.DODDDY; *Maf DESIRED=";Nifd
7690 Ratio=Hif/Mifd
7§gg .Rgnxnr USING *174,D.DbD,3X,4A,D0DD. 00D, 1A% "Nif/Hif DESIRED=";Ratio, Tif="
)
1710 Pa=Pif—Phar
27%qf s INT USING *4A,DDDD.DD,1X,4A,5X,4A,D0DD. DD, 1X, 1A% *Pif=";Pq; *Pisq"; *Tif=
: 1 ,’ . [ ] -
7730 " INPUT *IS THE SFRI IGNITION FUEL FLOW RATE ACCURATE ENDUGH? (Y/N)* Xx$
7740 IF Xx$=*Y* THEN G013 Piffin
7750 Pifaew=z(PiewMifd/Mif)-Phar
7760 PRINT USING *124,0D0D.DU,1X 4A%: *RESET Pif T0*;Pifnew;*Psig®
7770 DISP *HIT CONTIMUE AFTER RESET dF pife
7780 PAUSE
7790 GOTO Pifset
7800 P1ffin:!
7810 DISP "HIT CONTINUE TG PROCEED TO NEXT FLOW RATE SET up*
7820 PAUSE
7830 Pifckin: !t
7840 PRINT USING *@°
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7850  INPUT "LO YOU WANT TO PRESET THE PURGE FLOW RATE? (Y/N)*,Z1%
7850 IF Zr$="N® THEN COTQ Ppskip
7870 LEEERREEE O RO R E O OO RO R AR RN R R
7630  PRINT *SET THE DESIERD VALLE OF Pp USING THE HANDLUADER/PRESSURE GAGE"
7890 PEEEEENERHOHEOOEHEHOEHOE OO S DODEHHOU O PO R R
7908 DIGP *HIT CONTINUE WHEN READY®
7916 PAUSE
7920 Ppset: !
7930 CLEAR 709
7540 OUTPUY 799, °0C10,1"
7950 MAIT )
7950 OUTPUT /09 *AC7*
7970 QUTPUT 722 'T3'
7963  ENTER 722 9
7598 OUTPUT 709; "AC13®
3630  OQUTRUT 7‘” e
8010 ENTER 722 t%
88;0 OJTPUT 739 0)010 1;b
p=(Up #kpptPhar
5040 Uo Tracheg e
8050 0SUB Tcalc
2640 !o 1 .
8079 H% an*Cd in*.7854*(Dpchnke‘2)/(Tp‘.5)
8ced PRINT USING
8690  PRINT USING 'SA DD, DnDDD'L'n
8106  PRINT USING '13A DD.DOORD*; *¥p bESIRED*' Hpd
8110 Ratlo-ﬁg/H pd
Btaq PRINT USING "184,D.DD,3X,3,DDED.DD, 1A% Kp/Mp DESIRED =*;Ratis,"Tp=" Tp
8130 BEEP
§140 a
8750 . P IN? LSING "34,DDCD. DD, 1X, 4A,3X,4A,DDDD. DD, 1X,1A"%; *Pp=";Pq; *P5ig"®, *Tp="
D ape
é [HPLT 1S THE PURCE GAS FLOW RATE ACCURATE EMOUGH? (Y/W)",Xx$
8!79 IF Xx$="Y" THEN GOIN Ppfin
gias Paaew-(?g!h*d/%p) har
819 PRINT USING ®16A DEDD.DD,1X 4A": 'RECET Pp TO*; Ppneu;'PSiq
8200 BISP "HIT CGNTINUE AFTER’RESET OF fp*
8210  PAUSE
8228 COTOQ Ppset
8230 Ppfin: !
8240 Ppskip: !
8250 PRINT *THIS COMPLETES PRE-RUN SET-yp®
8253 LR RN RN AR AN R R RN IR AR AR R LR RRR R LR BARRTRN R RARENRRRRE BN R R
8270 | (4) THIS PORTION OF THE PROGRAM RUMS THE TEST AND COLLECTS THE DATA
?2"30 PRESAXRARRARRER AN RRRR RN XN E RN RHR R TOOONEN R R RN L REE R AR XA R RN XN
8290 !
8350  PRINT USING *8°
%%L&E' DISP *SET TIMEDATE BY PRESSING K19 AND UPDATE, THEN EXECUTE, THEN HIT CON
8320  BEEP
83310 PAUSE
8740 CLEAR 709
50 CLEAR 722
LR ! THE FOLLOWING PROGRAMS THE 34564 DUM
9178 QUTPUT 722:°L170U0F10STDPOFL ORI, 10STTISTNSOITAQX 1"
8130  PRINT °THE DESIRED RUN TIMES AND DELAYS NOW BE INPUT®
8;93 I INPUT "ENTER Tma,Tmi,Twb,Tmp SEPARATED BY COMMA,THEN HIT CONTIUE®,Tma,Tm1
" n
é4ao ?shux =TnatTni+Tab+Tnp+y  ONE HCRE SECOMD FOR TAIL PART READING
410 Ta=TmatTmi
84’0 15:=T44Tmd
E430  T6=15+Tmp
8440  (PTION BASE 1
%:S% %IH In(500,14) | GTORAGE DEFINITION
5 =
8470 A=l | CONTROL FLAGS
8430  Al=0
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8499  A2=0
500 A3=0
8510  A4=0
50 U14=g i
530 PRINT USING *@°
8543  DISP *TO INITIATE RUN, PUSH ‘PRI-AIR SWITCH’ *
50 Momator: ) WAIT UNTIL INTTIATE
8540 DUTPUT 709;*AC1A*®
8570 CUTPUT 722:°T3
%30 ENTER 722,014
939g s IF V14)=,5 THEN GOTO Startrun ' IF INITIATE RUN, IT WILL GIVE
8400 GOTO Monitor
BL10 Startrun: !
8620 TO=TIMEDATE
2478 GN CYCLE .5 GOSUB Data
8541 ON DELAY Tshut GOTO Shutdown
9L50 Timewart: ! WAIT 0.5 SECOHD
) PR
RE70 GOT0 Timewait

8530 Data: !  READ ALL DATA EVERY 9.5 SECONDS
2690 QUTPLT 709, *ACIAFGAL 135"

8730 FR I=1 T0 14

8710 QUTPUT 722,°T3°

8720 ENTER 722 USING "#.K*;In{], 1)

873 BUTPUT 709; *AS®
8740 NEXT 1
8750 J=144

8760 T1=TIMEDATE
8770 IF Al=! THEN GOTQ Tmabypass

3780 IF DROUND(T1-T0,3))=Tma THEN
8751 QUIPUT 749;°0f10 ,2°
£390 QUTPUT 789 *0C10,3"
8314 Al=1
8929 EMD 1
BO Tnabv?ass: !
824q 1= {4EDATE
€3 IF A2=1 THEN GOTO T4by¥ass
8859 IF DRGUND{(T1-T0,3))=T4 THEN
8870 QUTPUT 799 *Dotd,2*
A280 QUTPLT 709;°D010,3"
8390 A2z
£990 END IF
8910 Tabypass: !
892 Ti=TINEDATE
8930 IF 43=1 THEN GOTO TSby?ass
8940 IF DROUND(T1-T0,3))=15 THEN
8550 QuTPUT 709;°CCie, 1
890 Al=1
8970 END IF
8980 TSbypass: !
2990 T1=TIMEDATE
9699 IF A4=1 THEN GOTD Thbypass
9010 IF CROUND(TI-T0,3) =76 THEN
982 QUTPUT 709;°02{d 1
9030 DUTPUT 709;°DC10,0°
9940 Ad=1

2050 END IF
9050 Téhypass: !
9079 " GOTO 9080 % THIS NUMBER WILL BE CHANGED WHEN RENUHBER,

9080 RETUR

9098 Shotdown: !

91069 OFF CYCLE

9114 Imax=]-1

9120 PRINT USING *@*

9&2%[5 . PRINT * TESI CCHPLETE, TURN OFF ‘MAIN-AIR’, AND TURN OFF "HFATER
9140 BEEP
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9160 '* (5) POST-RUN QPERATION
9170 THAXEEEENE R PO R T AL IO OHO OO O R RN RN H

9150 DISP *HIT CONTINUE TO PRGCEED TO DATA REDUCTION®
. 91748 PALISE

g2 QUTPUT 709;'D016, 8"

9210 PRINTER IS 701

9230 PRINT USING *3/°

9233 PRINT * ek PRE-RUN INBUT  swxx ®

9240 PRINT USING *2/*

9250 PRINT USING *14A,98 3X, 144,94 5, 144,94, 2X, 148, DLDD . DOBD" ; *Tes tno="; Testnc

S&'bate=';Date$,'Fue]id$= 1Fuelid$, "Pbar=";Pbar

9250 PRINT USING *14A,94,5X,144,94,5X,144,94,5X,144,9A% ; *Heaterfuel="Heate~fue

15,'Ignitianfunl=‘iIanxtionfuels.'Purze gas="-Pvrqe as$ '

92{0 P%INT USING “14A,DDDD.DLOD,SX, 144, DDD.ﬂDDD,S ;144,D00D . ODDD 5 "W fi="yd 1y
Shn=*t, 0,.L =.;L

9280 PRINT SINGD'14A,DDDD.DDDD,SX,14A,DDDD.DDDD'@'01=';bi"b1h=';Dth _

9290 PRINT USING *14A,D0DD.DDDD,SX,144,DDLD, DDDD,SX, 144, B05D. DODL,2X, 144, 5005 D

DD, *Tma=";Tma, "Tniz=";Tni *Tab=":Tnb, *fno=";Ta » _ )

300" ERINT gsg&c *14A,5000. DD, X, 144, D500 DODD*; *Lairchekes*; Dairchoke, *Ls it

choke=":Dhfchoke

9310 FRINT USING *14A,DDDD.DDDD,5X,14A,D00D.DDDD* ;" Dhtoxchoke=";Dhochake, *Dignf

uchoke=";D1fchoke

9320 PRINT USING '14R,DDDD.DDDD'é'Dpurgcchoke="Dgchoke

9330 PRINT USING *144,D1DD.DODD, %X, 144,D00D, D5DD,5X , 144,D0DD.DODD*; *Chair=";da

ir,"Cdh=*;Cdhf, *Cdho=";Cdho

9340 PRINT using 'IAQ,DEDD.Dbbb,SX,iAA.DDDD.DDDD"'Cdp="Cd%,'Cdif="CdiF

9350 FRINT USING *14A,DDGD.DDDD.5X,14A, 0000 DDBD,5X, 144, D00V BDD*; *bammanf=" G

annahf, "Ganmaif=";Gamuai ¢

9740 PRINT USTNG '14A.DDDD.DEDD'Q‘Gannag=';Gannap

3310 ;g}urﬂusxng *144,0000.DDED, 5%, 144, DO0D, DDDD, 5%, 14A, DODD, DODD® ; *Rhf=";Rhf
1 =n; i [] D.‘.l, p

9333 fpaxgr gsxén '14?,DDDD.DDDD,5X,14A,DDDD.DDDD,SX,14A,DDDD.DDDD';'Knhf=';Knhf
*Kmif=*Kmif, "Amp=":Kknp

9399 PRINT uSING "144,D0D. DDDD, 5X, 144, DDDD. DEDD*  *kmho=" Knho, "Kmair=";Kna1r

7400 PRINT USING *144,DDDD.DEDD, 5X, 144, DD0D, DEDD " *Maird=" Maird 'Tid=":Tid

9410 PRINT USINC *14A,D0DD.D0DD,5X, 14A, 000D, DOLD 5X, 144, Dp0D. 000D, 2X , 144,D0DD. D

DIL*;"Mhid=" uhed *Bhod=" Mhod, *Aifd=";Aifd, “Mpd=" Moo

9420 PRINT SINJECTION GAS 15 8 Injectqass

9430 ansr USING *3/*

321% gng} ' vk DATA EXTRACTED  #as '

32%3 ;g}n} *FLOW RATES TN Lbn/sec, PRESSURE IN Psia, TENPERATURE IN R*

9420 ! HEADING PRINT

9490 PRINT USING 941X 6A,3X,6A AY 64 4X 68, AX 6A 4X 685X 644X 54, 4X 104" :°T
inelsec)*,” Mair® ® MhF*, @ Mho®,* Hift % Npt N MU RRILDE) T het e bhe otst

9500 FOR'J=1 T0 Jmax

9510 FOR 1=1 70 14

9520  IF I=1 THEN

5530 Vpc=In(J, 1)

9949 Pc={Vpc-Upc0)*Kpc+Phar
END TF

955

- <80 IF 1=2 THEN

s 9570 Ugh=ln(1.l)

o 9580 Ph=(Uoh-UphO)#Kph+Pbar
p .- 9590 END IF
o 9680 IF 1=3 THEN
oy 9610 VpazIntJ 1)

- 9520 Pa=(Vpa-Upad)*Kpa+Phar !
[ 930 END IF

& 9640 IF 1=4 AND Ht=1. THEN

- 965 Uphf=In(J, 1

. 9640 PhE=(VGhf-Vghf 1) xKphf +Pbar

-7 A 9670  END IF

v 9580 IF 1=5 AND Ht=1. THEN

& 7690 Voho=In(J,1)

9708 Pho=(Ypho-Vphal) #XphatPhar
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te 9718  END IF
r. 972 IF I=6 AND Ff 1 THEN
o 730 Yh=In(}
974 F2(Vf- Ufﬂ)*kf
h 9750 END IF ,
9759 IF I 5 AND Ff=0 THEN
N 9774 F=§

9780 END IF
9790 IF I=7 THEN

P
’
~0
w
=9
=1

cwe .
10t '

: Upif=In(J, D)

« 9810 Plf {Vp 14 Uplfﬂ)*Kglf
932 If Pxf( (Ph+20) THEN
9330 Pif=0,
984 END IF

9850  END IF

9860  IF 1=8 THEN

5970 Vpp=Int]

5080 Pn (Yp p-éﬁpu>nx p+Phar

9890 IF Pp( (Ph+20) THEN
9944 ﬂ
9510 END 1F

9940 Volts=In{],I)

995 COSUB Tcalc
9960 Ti=
9970  END IF

9980 IF I=18 THEN

9998 Velts=In(], 1)

10400 COSUB Tcalc

10018 Ta=]

10020 END IF

10038 IF 1=11 AND Ht=1, THEN

10040 Uolts In(],D ]
10850 0508 Tealc

10048 Thf-T i
10070  END IF

10030 IF [=12 AND Ht=1, THEN

10090 Velts=In(J, 1)

10180 GOSUR Tcalc
10118 Thoe=T

10120 END IF

10130 IF [=13 THEN
10140 Velts=In(J, 1)
10150 COSUB Tcalc
1014 Tif=7

10178 EMD IF

10180 IF 1=14 THEN
10190 Velts=IntJ, 1)
10209 COSUB Tralc
10210 To=T

16220 EMD If

10230 NEXT 1

10240 1=1/2

. 10750 Mair=Kmair®CdairsPat. 7854k (Dairchake*2)/(Ta?,5)

|-, 10260  Mhf=KmhfxCAhExPhfx, 7854% (Dhfchoke*2)/ (ThF*.5)

» 10270 Mho=KnhoxCdho*Phox.7854%(Dhochoke2)/(The*.5)

a5 19280 Mif=KmifxCd1fePifx, 7854*(Dxfchoke‘°)/(le‘ 9)

t.v 10290 H%‘Knp*fd #Ppx,7854% (Dochoke*2)/(Tp*.5)
' 10300 PRINT USING °2X.DD.DD,3X,0D.DDD,4(3x,D.0000D),5(3X,000D.0D)";T,Mair Hnf .t
] o, M1f, l:g Ti,F,Pc,Ph, Ta

- ! 3 I}

- 1832 0 PRINTER IS5 1

o 10230 PRINT USING "@*

$\- 10340 INPUT *DO YOU NANT TO MAKE PDST-RUN AIR CALCULATION? (Y/N)*,Yy$ ‘
- 10258 IF Y,$8=°Y* THEN Ko=1

;:i 10368 IF Yy$="N* THEM GOTO Fini

-di 16370 GOTO Paset ! TO CALFULATE THE EFFECTIVE THROAT DIAMETER
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10383 Finish; !
10390 PRINT "DATA DUTPUT 1S COMPLETE®
18470 DISP *SECURE TEST CELL tite
10410 LOCAL 709 I RETURN LOCAL HODE
10450 END
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